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Abstract: This paper describes a series of three evaluations of electronic textbooks on
the Web, which focused on assessing how appearance and design can affect users’ sense of
engagenment and directness with the material. The EBONl Project’s methodol ogy for

eval uating el ectronic textbooks is outlined and each experinment is described, together
with an analysis of results. Finally, sone recommendations for successful design are
suggest ed, based on an analysis of all experimental data. These reconmendati ons underline
the main findings of the evaluations: that users want sonme features of paper books to be
preserved in the electronic nmedium while also preferring electronic text to be witten
In a scannabl e style

1. Introduction

The i nmportance of appearance in the design of electronic textbooks was
hi ghlighted in the Visual Book experinent (Landoni, 1997), which
studi ed the application of the paper book netaphor to the design and
producti on of el ectronic textbooks. The study found that el ectronic
texts which closely resenble their paper counterparts in ternms of

vi sual components such as size, quality and design were received
positively by users. Readers felt familiar with the representation of

t he book on screen and were able to rely on their experience w th paper
books to interact with the el ectronic textbook.

The Vi sual Book experinent was conducted between 1993 and 1997. Since

t hen, users have beconme increasingly famliar with the Wb and its
associ ated technol ogi es (hypertext, browser interfaces, subject
directories, search engines, and so on). Therefore, when today’'s reader
approaches an el ectroni c textbook, a second set of expectations
inherited fromthe Web (in addition to expectations derived from using
paper books) cones into play.

In order to discover the best design of electronic textbooks for
today’ s user, expectations derived from experience with Wb

t echnol ogi es should be taken into account. The EBONl (El ectroni c Books
ON-screen Interface) Project (2000a) assessed the inportance of this
factor in a series of electronic textbook eval uations running from 1999
to 2002. In this paper, the term“electronic textbook” will be used to
refer to the material evaluated during the project. This included:

« Textbooks which were previously published in print, but nmade
available in electronic format by their authors;

+ Published textbooks, available electronically fromthe publisher

+ Unpublished textbooks, made available in electronic format by their
aut hors; and

e Electronic encycl opaedi as.

The project studied the inportance of appearance in the design of such
material, with over 100 students, |ecturers and researchers in UK
Hi gher Education participating in its experinents.

The ultimate objective of the evaluations was to define a set of best
practice guidelines for designing electronic textbooks (Landoni et al.
2001). Two central hypot heses ran through the eval uations:

Hl: Altering the original appearance/design of an el ectronic textbook
wi Il have an effect on its success, according to the criteria for
evaluation listed in 2.2 bel ow.

H2: Appl ying aspects of successful Wb design to el ectronic textbooks
wi Il have a positive inmpact on their success.

The net hodol ogy behind the experiments is outlined bel ow, together wth
a definition of the experinmental material, foll owed by descriptions of
t he experinents thenselves and a sunmary of the recomendati ons which



emerged. Finally, sone general conclusions about e-textbook interfaces
are drawn and directions for future research are di scussed.

2. A met hodol ogy for electronic textbook eval uation

In order to test the experinmental hypotheses and to define electronic

t ext book design guidelines that reflect the needs and preferences of a
wi de cross-section of the Hi gher Education community, it was decided to
conduct several experinents in different academ c disciplines. This
enabl ed specific evidence to be gathered about the individua
preferences of students and |ecturers in particular subject areas,
whil e identifying general thenes.

A et hodol ogy for evaluating el ectronic textbooks was devel oped by the
project (WIlson and Landoni, 2001), to provide cohesiveness to all the
i ndi vi dual experiments. This conprised a nunmber of techniques,

i ncludi ng tasks nmeasuring participants’ ability to retrieve and recal

i nfornmati on, and questionnaires designed to neasure user satisfaction
By adopting these different techni ques, the nethodol ogy ained to
nmeasure the three criteria which contribute to the success of an

el ectroni c textbook: “usability”, “nmenorability” (the extent to which
content is recalled and recogni sed by readers) and “satisfaction”. The
steps taken to organi se each experi nent suggested four phases:

2.1 Selection of materi al
Texts could be selected for conparison according to three paraneters:

e Format/ appear ance;
e Content; and
e Medium

For exanple, the original WEB Book experinment conpared two electronic
versions of the sane text (W/Ison, 1999), each of which exhibited
different styles of presentation, while the Psychol ogy Ebook experi nent
(EBONI Project, 2002b) evaluated three different textbooks, in the sane
subj ect area, which also differed in their styles of presentation. In
the former, format/appearance was the only variable; in the latter

f ormat / appear ance and content varied across the experinmental nateri al

2.2 Definition of evaluation criteria

Dependi ng on the objectives of each el ectronic textbook eval uati on and
the resources at its disposal, the inplenentation of different

conbi nati ons of tasks and/or eval uation techni ques was appropriate, and
the total expense of each experinent varied across two di mensions:

e Task conmplexity, ranging fromsinple retrieval tasks (see section 2.3
bel ow) to nore conplex high cognitive skill tasks; and

 Techni que conplexity, frominexpensive questionnaires to interviews
requiring tine and experti se.

Reductioni st principles were applied to the evaluation nodel so that
very sophisticated experinents with unlimted resources which conprised
nost of the tasks and techni ques descri bed above, coul d be broken down
to their constituent elenents and “mapped” to sinple, unsophisticated
experiments enploying only one task or technique. Therefore, all of
EBONI ' s experinments were conparable at sone |evel.

The different tasks and techni ques, their neasurenents and their

relationship to the criteria for evaluation are outlined in Table 1
bel ow.

Take in Table 1



Meta-criteria Criteria Measur es Data col | ection
net hods

Sense of Satisfaction Quality Subj ecti ve
engagenent (Il evel sati sfaction
of interest Ease of use guesti onnaires

i nduced in the tgkeab;Lit¥ (qualitative and
user) er atrec quantitative) and
i ntervi ews
(qualitative)
Menorability Recogni ti on Exams (quantitative)
Recal
Sense of Usability Task success Fact searching
di rectness (user’s Task time (quantitative) and

ability to learn t hi nk- al oud sessi ons
and internalise (qualitative)
the interface)

Table 1. Techni ques used in EBONI's methodol ogy, and their relationship
to the evaluation criteria

Sense of engagenent is “the level of interest the systeminduces in the
user” and is related to the level of interaction available to the user
and the novelty of the system Sense of directness is “the degree of
feeling that the changes on the screen are the result of the user’s
actions” and “helps the user to learn and internalise the interface”
(Landoni and G bb, 2000).

2.3 Selection of tasks

Tasks are a way of bringing together participants and the test materia
in a structured manner, and enabl e quantitative data about particular
aspects of interacting with the electronic textbook to be gathered. Two
types of task were used, intended to neasure usability and nmenorability
at different |evels:

» Fact searching, which involved participants in hunting through the
material selected for evaluation in search of specific facts. For
exanpl e, “VWi ch drug acts by bl ocking the reuptake of the
neurotransmtters dopam ne, norepi nephrine and serotonin in the
brai n?” Tasks such as these are also referred to as Scavenger Hunts
by Spool (Spool et. al., 1999).

e Exams, which involved the participant reading a chapter or a chunk
of text for a short period of tinme, |earning as nuch as possible in
preparation for a short exam These conprised a mixture of multiple-
choi ce questions and questions requiring short witten responses.
Lecturers provided advice on appropriate examformats and types of
qguestion for particular groups of participants. Responses were used
to infer how the appearance of information on screen affects users
ability to renmenber that information

2.4 Selection of evaluation techniques
Several procedures were suggested for obtaining qualitative and
quantitative feedback about the sel ected naterial

e Subjective satisfaction questionnaires. Satisfaction is neasured
after participants have used the test material and carried out any
tasks which formpart of the experinent, so that their responses are
i nforned and based on experience.

e The think-aloud technique. This involves at |east one participant in
t hi nking al oud to explain what he or she is doing at each stage of
perform ng the tasks, and why, to at |east one evaluator. This
provides qualitative informati on about the participant’s cognitive




processes, explanations of how he or she is navigating the test
material, and reasons for difficulties.

e Interviews. These can be used to elicit full feedback on sel ected
aspects of the experiment, and to follow | eads on additional thenes
rai sed by the participant.

2.5 Selection of actors

The net hodol ogy recogni sed that evaluations vary in terms of the effort
and skills required to set up an experinent. In general, though, four
mai n rol es, or possible actors, can be distinguished:

e The participants, who interact with the selected texts during a
structured eval uati on session and whose feedback forms the results
of the experiment.

e The evaluator, who coordinates all aspects of the experinent, from
the selection of material and participants, to the design of the
net hodol ogy and the sel ection of evaluation techni ques and tasks.

e The task devel oper, who devises and sets tasks for the participant
to carry out, using the selected texts.

e And the assessor who accunul ates and interprets the evaluative data
provi ded by the participant.

The WEB Book researchers conducted the role of evaluators in the
experinments; task devel opnent and assessment were carried out by
lecturers in the relevant subject areas and, where appropriate, the
resear chers.

2.6 Sunmary of experinents

The WEB Book series of evaluations, which forned an integral part of
the EBONI Project, is described below. The first, the original WEB Book
experiment (WIson, 1999) took Morkes and N el sen’s guidelines for
scannability (1997), proven to increase the usability of web sites by
up to 47% and applied themto a chapter of an el ectronic textbook (for
exanpl e, using headi ngs, bold and coloured text, bulleted lists,

graphi cs, captions and so on). The two versions of the sane electronic
chapter (the original, and the revised, scannabl e version) were then
conpared. This experinment was conducted prior to the EBONI Project, and
its techniques forned the basis of the nethodol ogy outlined above,

whi ch was then enpl oyed by the other experinments described here. The
second evaluation in the series, the WEB Book |1, adopted the

nmet hodol ogy derived by EBONI after the original WEB Book experinent,
and applied an interpretati on of Morkes and N el sen’s scannability
guidelines to a chapter of another electronic textbook. The two

el ectronic chapters were then conpared to each other and to the hard
copy version of the chapter, thereby extending the scope of the first
VWEB Book experi ment.

The WEB Book and the WEB Book Il (Dunn, 2002) took place in highly
control l ed environments, wi th appearance bei ng mani pul ated by an

eval uator according to specific rules, and identical content being
conpared. The third and final evaluation in the series, the Psychol ogy
Ebook (EBONI Project, 2002b), built on and extended the first two

eval uati ons and was conducted in a less controlled environment. Three
di fferent electronic textbooks in psychol ogy, displaying different
styl es and techni ques, were conpared; the books already existed on the
Web, and no nodifications were made by the EBONI eval uators. Therefore,
this experinent was used to assess differences in texts, as they were
designed by their authors (lecturers, in all three cases), rather than
di fferences artificially manufactured by EBON

Participants in all three experiments included students studying
uni versity courses to which the sel ected textbooks were rel evant;
i nvol venent of lecturers ensured the suitability of the content, in



ternms of both relevance and | evel of difficulty. In addition, the first
two experiments also involved participants frommailing [ists who
worked or were interested in the subject matter of the textbooks.

Table 2 summari ses the differences between the three experinents (ticks
i ndicate that particular variables/criterialtasks/techniques were used
in an experinment, crosses indicate that they were not), while Figure 1
shows the progression (in terms of conplexity and the degree of contro
on the experinmental conditions) of the WEB Book series.

Take in Table 2



WEB Book WEB Book 11 Psychol ogy Ebook
Experi nent al Appear ance . . .
vari abl es Cont ent X X .
Medi um X . X
Criteria Sati sfaction . . .
Menorability X .
Usability . . .
Tasks Fact Searches . . .
Exans X X .
Eval uati on Questi onnai res e (online) . .
t echni ques Thi nk- al ouds X X .
I nterviews X X .
Actors Partici pants 18 (menbers of 22 (members of | 30 (2", 37 & 4"
IR nuiling ebook mailing year Psychol ogy
lists & lists and Under gr aduat es)

Post gr aduat e
students in
I nformation
Sci ence)

Post gr aduat e
students in
I nformation
Sci ence)

O her actors

1 eval uat or
who al so acted
as task

devel oper and
task assessor

1 eval uator
who al so acted
as task

devel oper and
task assessor

3 evaluators, 1
task assessor
(al so an

eval uator), 2
task devel opers
(2 lecturers in
Psychol ogy)

Tabl e 2. Key
series.

di fferences between the three experinents in the WEB Book

Take in Figure 1
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Cost in terms of tinme, >
expertise and tools needed to
devel op and assess tasks Task
compl exity
Figure 1. Relative conpiexity OT tne 1nree expe | arger the

bubbl e, the I ess controlled the environnent.

As di scussed above, the WEB Book experinents were pronpted by Mrkes
and Nielsen's studies into web usability, and their nethods of
anal ysi ng data were adopted here.

In each experinment, quantitative data was averaged for each criterion
(task success, recall, ease of use, and so on), and scores were
conpared across each textbook. Instances of statistical significance
are noted throughout. Qualitative data from each experi nment was

exam ned by the researchers and recurrent themes and issues identified.
These are discussed in this paper in sonme detail. Finally, results were
anal ysed across experinents, and general conclusions drawn. These are
outlined in section 6.

The foll owi ng sections describe the three experinents in nore detail

3. The WEB Book

The WEB Book was based on the central hypothesis of the Visual Book
project, that appearance is an inportant factor in the effective
presentation of information on screen, and applied this premse to the
producti on of books on the Wb (Landoni et al., 2000). The experinent
foll owed the procedures used in Morkes and Nielsen’s studies into
witing for the Web (Mdrkes and Ni el sen, 1997), and enployed relatively
unsophi sticated data coll ection nethods and sinple neasures, but forned
a strong foundation on which to base the other evaluations in the WEB
Book seri es.

Chapter Five ("Search Strategies") of C.J. van R jsbergen's Information
Retrieval fornmed the material for the experinent (1979a). This textbook
is one of the fundanental readings of IR and a relatively plain
machi ne readabl e version of the book already existed on the Wb (van

Rj sbergen, 1979b). This was conpared agai nst a revised version of the
sane chapter (van Rijsbergen, 1979c), with Mirkes and N elsen’s

gui del i nes for “scannable” witing on the Web applied to it, in order
to study whether focusing on the appearance of the content when
preparing a scientific textbook for el ectronic publication has a
positive inpact on its effectiveness. The scannability guidelines



suggest using headings, large type, bold text, highlighted text,
bull eted lists, graphics, captions, and tables of contents to nake text
easier to browse.

3.1 Design issues

Two el ectronic versions of Chapter Five were used in this study: the
original and a revised version, witten for the purpose of the
experi ment .

In the original electronic version only nminor concessions were nade to
t he new medi um Each chapter was allocated a separate "page" (i.e. a
Web page) and text was organised in a linear way so that users had to
keep scrolling down until they reached the end of the chapter

The revi sed version of the chapter was prepared for this study by the
research team and foll owed Morkes and N el sen's gui delines for inproved
scannability. The chapter was divided into ten separate files according
to the sub-headings in the original text, so that each sub-section
occupi ed a separate page. In addition, a chapter contents page was
created to list and provide |inks to each section. Hyperlinks were
inserted to enable the user to junp back to the previous section
forward to the next section, back to the table of contents for the
chapter, or to any other section in the chapter. Extra headings,
coloured and sized, were inserted in the text in order to divide it
into smaller, nore digestible chunks. Al diagrans were centred to give
t he pages a neater, nmore synmetrical appearance, and in order that they
could be easily distinguished fromthe text. Key words and phrases were
sel ected by a subject expert and coloured red to call attention to

i mportant pieces of text. Lists were indented and their nunbers or

bull ets al so coloured red. These changes were intended to make the
chapter nore easily scannable by giving it a design which exploited
nmore fully the functions of the Web as a nedi um

3.2 Evaluation criteria

As explained in 2.6 above, this experinment was the first and sinpl est
in the series, enploying only two of the three evaluation criteria
whi ch woul d eventually form EBONI' s mnet hodol ogy:

e Usability, neasured via participants’ success at fact searches
(untimed) and indicating their sense of directness.

e Satisfaction, neasured via the four properties of the subjective

satisfaction questionnaire (quality, ease of use, likeability and
user affect), indicating participants’ sense of engagenent with
the text.

The resulting nethodol ogy was used to test two sub-hypot heses:

Sub- hypot hesis 1: Users of the revised, scannable version of the

chapter will nmake fewer errors on tasks than will users of the origina
versi on.

Sub- hypot hesis 2: Users of the revised version will report higher

subj ective satisfaction with the site than will users of the original
3.3 Users

Each stage of this experinment was carried out over the Internet. The 18
partici pants conprised respondents to emails sent to two mailing lists
for the IR community and a group of postgraduate students who had
studied IR in the Departnent of Information Science at the University
of Strathclyde. O the 18 participants, eight |ooked at the origina
version of Information Retrieval, and ten | ooked at the revised
version.



3.4 Findings and anal ysis

Results showed that users of the revised version nade fewer task errors
and recorded hi gher subjective satisfaction. The chapter which was
rewitten to take into account the appearance of the content so that it
was nore scannabl e achi eved a higher score in every neasure (task
success, quality, ease of use, likeability and user affect) than the
original version of the text, and the two sub-hypot heses were
subst anti at ed:

Sub- hypothesis 1 was verified. Users of the revised version made fewer
errors on tasks than users of the original version

Sub- hypot hesi s 2 was supported. Users of the revised version reported
hi gher subjective satisfaction than users of the original version
(significant at p<.001).

Therefore, the revised version exceeded the original version in terns
of usability and satisfaction, the criteria used to determ ne

partici pants’ sense of engagement and sense of directness with the
books.

Take in Table 3



Meta-criteria Criteria Measur es VEEB Book

Sense of engagenent Sati sfaction Quality S
Ease of use S
Li keability [S
User affect S

Menorability Recogni tion

Recal |

Sense of directness Usability Task success S

Task tine

Key
S indi cates where the scannabl e chapter rated nore highly than the original

i ndi cates measures that were not used in this experi nment

Tabl e 3. Shows neasures and criteria on which the scannable text had a
positive influence in the WEB Book experi nent

Partici pants' comrents were in accordance with these results. Users of
the original version of the chapter disliked the design of the pages,
describing it variously as "flat and not very appealing", "very user-
unfriendly" and "plain", with fornulae that were difficult to read,
making it difficult to concentrate on searching for information. Users
of the revised version, on the other hand, nmade sone positive renmarks
about the page design, describing it as "easy to navigate" and "cl ean-
| ooki ng".

This case study indicated the positive inpact of focusing on the

appear ance of the content when preparing a scientific textbook for
publication on the Web. It was also in accordance with a key prem se of
the Visual Book project, which states that a book's appearance is a
main factor in the specification of interfaces designed to present

i nformati on whi ch has been published on paper

4. The WEB Book 11

Li ke the original WEB Book experiment, this study conpared different
versi ons of the sane chapter of a book. |In this case, a chapter of the
out-of-print Hypertext in Context, edited by Ciff MKnight, Andrew
Dillon and John Richardson, forned the experinmental nmaterial and was
conpared in three formats: a sinple electronic version (MKnight et

al ., 1991a), a revised, scannable electronic version (MKnight et al.
1991b), and a hard copy version (MKnight et al., 1991c). A different
interpretati on of Morkes and N el sen's scannability guidelines resulted
in a revised chapter which | ooked considerably different to the revised
chapter in the WEB Book.

The aim of the experiment was to di scover which of these formats is
nost successful in enabling students to achieve their |earning

obj ectives, with the inclusion of the hardback version addi ng an extra
di rension to the eval uation




4.1 Design issues

The design of the original electronic version was very plain and
simpl e. Each chapter was allocated a separate page and, within each
chapter, there were links to other chapters in the book, but not to
bi bl i ographi c references or the glossary. Text was black on a white
background, and spanned from one edge of the screen to the other

The revised version of the chapter, prepared for this study, was
divided into 8 separate files according to the sub-headings in the
original text, so that each sub-section occupied a separate page. A
chapter contents page was created to list and provide Iinks to each
section; this also provided links to the glossary and references, again
stored in two separate files.

At the top of each page were links to the chapter's table of contents
and sitemap, and the title of the current section. At the bottom of
each page was a link to the top, to all the other sections in the
chapter, and to the references and gl ossary. Throughout the text, links
were provided to other chapters in the book, fromcitations to

bi bl i ographi c references, and fromwords and phrases to the gl ossary.
Al'l imges were centred.

It is possible to interpret Morkes and Niel sen’s scannability
guidelines in different ways and, in this experinent, they were

i npl enented in a way which varied fromthe WEB Book in several key
respects. Sonme of these differences built on feedback fromthe first
experi ment :

e Text was inset so that lines were shorter, and each page had a bl ue
border. This was in response to user comments in the WEB Book
experinent, that lines of text spanning fromone edge of the screen
to the other are difficult to read.

« |In the WEB Book, sone participants found the use of col oured text
confusing, as it was unclear which itens were hyperlinks and which
were not. Therefore, in the WEB Book I, inportant words and phrases
were highlighted in yellow, with the effect of being narked with a
hi ghl i ghter pen.

O her differences were not based on feedback fromthe first experinment,
but sinply reflected a different interpretation of the guidelines:

« (Quotations were italicised, nade bold, centred and set inside a
bl ue- bordered box.

« At the top of longer pages, a set of internal |links was provided to
sub-sections and to figures.
« A sitemap was also created, listing and linking to all the sections

and sub-sections within the chapter.

4.2 Evaluation criteria
The criteria used in the WEB Book were enpl oyed here, with the
addi ti onal neasurenment of task time:

e Usability, neasured via participants’ success at fact searches
and the tinme taken to conplete the tasks, indicating their sense
of directness.

« Satisfaction, neasured via the four properties of the subjective
sati sfaction questionnaire (quality, ease of use, likeability and
user affect), indicating participants’ sense of engagenent.

Thr ee sub-hypot heses were tested:



Sub- hypot hesis 3: Users of the revised electronic version of the
chapter will nmake fewer errors on tasks than users of the origina
el ectroni c version.

Sub- hypot hesis 4: Users of the revised electronic version of the
chapter will spend less time perform ng tasks than users of the
original electronic version.

Sub- hypot hesis 5: Users of the revised electronic version of the
chapter will report higher subjective satisfaction than users of the
original electronic version

4.3 Users

22 participants conprising respondents to mailing lists for the

el ectroni ¢ textbook comunity and a group of postgraduate students from
t he Departnent of Conmputer and Infornmation Sciences at Strathclyde

Uni versity took part in this experiment.

Three variants were enpl oyed: the paper version of Hypertext in
Context, the original electronic version, and a revised el ectronic
versi on. A between-subjects design was adopted so that participants
were assigned to just one version, but never to nore than one.
Respondents frommailing lists were randomy assigned to the electronic
versi ons; respondents fromthe Postgraduate course were randonly
assigned to the electronic versions and to the paper version. In total
ten respondents used the original electronic version of the book, nine
used the revised electronic version, and four used the paper book

4.4 Findings and anal ysis

The hard copy version of the book was nmore successful than either of
the electronic versions in terns of task success and overall subjective
sati sfaction, and significantly higher than the revised version in
terms of satisfaction (p<.05). However, isolating the results for the
two el ectronic versions of the chapter confirned two of the three sub-
hypot heses:

Sub- hypot hesis 3: Users of the revised electronic version of the
chapter nmade fewer errors on tasks than users of the original version

Sub- hypot hesis 4: Users of the revised electronic version of the
chapter spent less time performng tasks than users of the origina
version.

Users of the original electronic version reported greater subjective
sati sfaction than users of the revised version, rating it higher in
terms of ease of use, user affect and likeability. Sub-hypothesis 5
was therefore not validated.

Take in Table 4

Meta-criteria Criteria Measur es VEB Book I
Sense of engagenent Sati sfaction Quality S
Ease of use ¢}
Li keability )
User affect ¢}
Menorability Recogni tion




Recal
Sense of directness Usability Task success S
Task tine S
Key

S indicates where the scannabl e chapter rated nore highly than the origina

O indicates where the original chapter rated nore highly than the scannable
chapt er

[]Indicates neasures that were not used in this experinent

Tabl e 4. Shows neasures and criteria on which the scannable text had a
positive influence in the WEB Book || experinent

Thus, some of the findings of the WEB Book were corroborated, while
others were contradicted. This study enployed a different
interpretati on of Morkes and N el sen's scannability guidelines, and it
i s suggested that these differences in some cases |owered, rather than
i mproved, satisfaction. This was borne out in the definition of best
practice guidelines (see section 6).

Partici pants’ sense of engagenent was weaker with the revised chapter
as they reported the | owest overall satisfaction with this nedium
However, their sense of directness was stronger with the revised
chapter, and they were able to conplete tasks nore successfully and
qui ckly than with the original electronic chapter

The scannabl e text provoked strong, and sonetimnmes contradictory,
responses, with users finding it nmore interesting and |ikeable than the
original electronic version, but also nore boring and annoying. This
was reflected in the users' comrents at the end of the questionnaire,
in response to the question, "What stylistic features of the text in
this chapter did you find particularly effective and/or ineffective?"
After using the original electronic version, a couple of participants
conment ed negatively on the Iength of its pages, and the fact that
there are no links between citations and full bibliographic references.
They al so conpl ai ned that there was not enough "white space", and that
navi gati on between pages was difficult.

The revi sed version received by far the nost positive conments. The
navi gati on systemreceived positive feedback, as did the site map and
contents page. The use of highlighted words and phrases provoked the
nost coment, with sone users feeling that it hel ped i nportant keywords
to stand out fromthe text, and others stating that it |ooked
unattractive and distracting. The division of the chapter into sections
and subsequent use of headi ngs received positive coments from users of
all three versions.

5. The Psychol ogy Ebook

The Psychol ogy Ebook experinent studied three online textbooks in the
field of psychol ogy, all of which were very different in appearance.
The eval uation was an extension of the WEB Book and WEB Book |
experiments: textbooks in a different academ c di scipline provided the
material; three different textbooks were conpared; they were eval uated
intheir entirety, rather than isolated chapters; and the full range of
tasks and eval uation techni ques was enpl oyed.




Furthernore, the findings of the first two experinents were used as a
platformfor the design of the Psychol ogy Ebook eval uati on. The WEB
Book and WEB Book Il had al ready shown that applying certain aspects of
successful Web design (specifically, scannability) to electronic

t ext books can have a positive inmpact on their success. The Psychol ogy
Ebook not only took the series away from highly controll ed experinent al
conditions towards a real-world setting, but also w dened the scope to
consi der users’ expectations derived fromconsulting paper books.

I ncor porating aspects of the paper book netaphor into electronic

t ext books had previously been proven to be successful in the Visua
Book study. By using one online textbook with many scannabl e feat ures,
and anot her online textbook inheriting many features of paper books,

t he experinment was able to exani ne both sets of user expectations
(those derived from experience with paper books, and those derived from
experience with the Web) sinmultaneously. It addressed the foll ow ng
guesti ons:

» |Is adherence to the paper book metaphor still inportant to today’s
readers?

« |Is adherence to the paper book metaphor nore or less inmportant to
today’ s reader than the use of a scannabl e design? And,

« Wuld a conmbination of features reflecting both sets of user
expectations provide the optinmum el ectronic textbook design?

5.1 Design issues

In The Joy of Visual Perception (Kaiser, 2002) the table of contents
(di splayed on the left of the screen when view ng the book in franes
node) divided the book into 23 nmain sections, with sonme sub-divisions,
and over 200 subjects were listed in the index. The book's structure
was heavily dependent on hypertext, which provided |inks within each
"chapter" to pages of the book containing nore detailed informtion,
expl anatory di agrams, the glossary, and other relevant sections. Most
pages had links at the foot to the TOC (a useful function when not
viewing in frames node) and rel ated chapters. The book was prinmarily
figures and di agranms suppl enented by text; the style of presentation
was not uni formthroughout and often inmages sat to the left or right of
chunks of text on screen. Content was displayed as black text (left-
justified) on a white background, with keywords in red.

Neur osci ence for Kids (Chudler, 1996-2003) (the nost scannable of the
three texts, according to Morkes and N elsen’s checklist) did not use
frames. There was a table of contents, divided into general topics;
under these headings were nore specific section titles which
hyperlinked to the pages with rel evant text and inages. Mst of these
sections contained |inks back to the main section, contents page,
search facility and note-taking facility at the foot. Sone |onger pages
contained mni tables of contents at the top, linking to sub-sections
within the page. There were internal and external hyperlinks

t hroughout, and lists of references at the end of each page contai ned
hyperlinks to other sources of information. The site was heavily image-
based, with each block of text illustrated with at |east one col our
cartoon-style i mage, diagram or animation. The text contai ned many
bull et points, was usually split into short chunks and was bl ack

t hr oughout (sone paragraphs were in bold), with some headi ngs and
keywords coloured in red or blue or italicised. Pages varied in |ength,
averagi ng at several screens-full of information.

In Drugs, Brains and Behavi our (Ti mmons and Hanilton, 1990)(the book

t hat adhered nost to the paper book metaphor) each chapter was
contained in a single file, and linked to fromthe table of contents.

At the top of each chapter there were links to the sub-sections within
that chapter, with an option to return to the main contents page at the
foot. There were no |links fromone chapter to the next. At the end of



each chapter was a sunmmary of the mmin points, and a list of key terns
fromthe text, with links to the glossary. There were al so hyperlinks

t hroughout the text which linked to the gl ossary, references, and
figures. The glossary (which had definitions for several hundred ternms)
and list of references (around 200) were stored in separate files.
Figures were stored in a separate set of pages, with "previous figure"
"next figure" and "figure index" icons at the foot; there was no |ink
fromthe collection of figures back to the text. Chapters had |ight

bl ue backgrounds, and figures were often in col our against white
backgrounds. Chapters were very long and plain (inages were stored
separately), and the text, sonetinmes broken by tables and sub-headi ngs,
stretched fromone side of the screen to the other

5.2 Evaluation criteria

The Psychol ogy Ebook, the nost sophisticated experinment in the series,
enpl oyed all three evaluation criteria, as set out in the EBON

nmet hodol ogy:

e Usability, neasured via participants’ success at fact searches
and the their comments during the “think-al oud” procedure,
i ndicating their sense of directness.

e Menorability, neasured via recognition and recall in an exam
(using pre-questionnaire results as a gauge), indicating
partici pants’ sense of engagement with the book

e Satisfaction, neasured via the four properties of the subjective
sati sfaction questionnaire (quality, ease of use, likeability and
user affect), also indicating participants’ sense of engagement.

In addition to the data collection nmethods used in the WEB Book and the
VEB Book |1, exans were conducted (neasuring recognition and recall)
and interviews and think-al ouds provi ded additional feedback about
satisfaction and usability respectively.

Agai n, the sub-hypotheses tested the strength of the npbst scannable
text, although the inpact of introducing a book enpl oyi ng aspects of
t he paper book metaphor woul d al so be exam ned:

Sub- hypot hesis 6: Users of Neuroscience for Kids (the npbst scannable
text) will make fewest errors on fact searching tasks.

Sub- hypot hesis 7: Users of Neuroscience for Kids (the npbst scannable
text) will nmake fewest errors on menory tasks.

Sub- hypot hesis 8: Users of Neuroscience for Kids (the nbst scannable
text) will report highest subjective satisfaction

5.3 Users

30 subjects participated in the main experinent: 13 Psychol ogy
undergraduates at the beginning of their third year, and 17 Psychol ogy
under graduates at the beginning of their fourth year, all fromthe
University of Strathclyde. An additional eight second and third year
Psychol ogy undergraduates participated in a pilot experiment, run
several nmonths prior to the nmmin experinment.

Three el ectronic textbooks were enployed: Peter Kaiser's The Joy of

Vi sual Perception, Eric Chudler's Neuroscience for Kids, and C. Robin
Ti mons and Leonard Hanmilton's Drugs, Brains and Behavi our. A between-
subj ects desi gn was adopted, so that participants were assigned to just
one of the textbooks, and never to nore than one. Third year students



(in the pilot, second year students) | ooked at either The Joy of Visua
Perception or Neuroscience for Kids, while fourth year students (in the
pilot, 3rd year students) |ooked at Drugs, Brains and Behavi our

5.4 Findings and anal ysis
Sub- hypot hesis 7 was confirnmed, and sub-hypothesis 8 was partially
confirmed:

Sub- hypot hesis 7: Users of Neuroscience for Kids (the npbst scannable
text) nade fewest errors on menory tasks.

Sub- hypot hesi s 8: Hi gh subjective satisfaction was recorded for both
Neur osci ence for Kids and Drugs, Brains and Behaviour (the |east
scannabl e text of the three).

Users of The Joy of Visual Perception and Drugs, Brains and Behavi our
made significantly fewer errors on retrieval tasks than Neuroscience
for Kids users (p<.0l1 and p<.05 respectively); sub-hypothesis 6 was

t herefore not vali dated.

Drugs, Brains and Behaviour, the book which adheres nost closely to the
paper book netaphor, exceeded the others in terns of usability,

i ndi cating that participants experienced a greater sense of directness
with the text. Neuroscience for Kids scored highest in terns of
nmenorability, and highly in terns of satisfaction, indicating that
partici pants had a strong sense of engagenent with that book

Take in Table 5



Meta-criteria Criteria Measur es Psychol ogy
Ebook
Sense of engagenent Sati sfaction Quality S
Ease of use S
Li keability -
User affect S
Meror abi lity Recognition S
Recal | S
Sense of directness Usability Task success P
Task tinme

Key
S indicates where the nost scannable chapter rated nost highly

- indicates where neither the scannabl e chapter nor the text closest to a
paper book rated nost highly

P indicates where the text closest to a paper book rated nost highly

[Jindicates measures that were not used in this experiment

Table 5. Shows measures and criteria on which the scannable text and
the text which imtated the paper book metaphor had a positive
i nfluence in the Psychol ogy Ebook experi ment.

In terns of extracting recomrendations for the design of successfu
el ectroni c textbooks, the follow ng issues, highlighted by participants
in questionnaires and in interviews, were significant:

5.4.1 Layout

Drugs, Brains and Behaviour was the plainest of the three textbooks,
and had the clearest layout. This enabled users to find specific

i nformati on quickly and easily. However, several users comrented that
the text was set out in a block, with paragraphs that were too |ong,
making it "dull" in appearance. Although Neuroscience for Kids |acked
the sinple structure of Drugs, Brains and Behaviour, its use of colours
and graphics to interrupt the flow of text made it nore attractive, and
students found it easier to recall information in the exam

5.4.2 Diagrans and pictures

Users of all three texts made positive coments about the inclusion of
di agrams and pictures. It was suggested that, for nmathematical and
scientific subjects, larger and nore detail ed versions of inages be
stored separately and hyperlinked to fromthe main text.

5.4.3 dossary and references
Separating the glossary and references fromthe main body of text was
consi dered an advantage by all those who comented; they did not




interrupt the text but were just a click away. However, a
strai ghtforward neans of returning fromthe glossary/references to the
correspondi ng place in the text was considered inportant.

5.4.4 Miltinedia

Partici pants expressed a wish for nultinedia and interactive el ements,
nmet hods of conmunication that are inpossible in the paper medium “I
didn't notice if it had interactive questions/answers but this would be
useful”; and “It could be inproved with nmoving pictures,
neurotransmtter nmovenents, etc.” Were these el enents were avail abl e,
they were appreci ated by users who found the textbooks fun and

engagi ng.

5.4.5 Font size

Users of all three texts commented that the font was too small and that
they found it a strain on their eyes. "I disliked the fonts of the
words. They were too small and it was tiring to read - quite a strain",
sai d one Drugs, Brains and Behavi our user

5.4.6 Table of contents

The Joy of Visual Perception has the option to view the table of
contents in a frane on the left side of the screen, throughout the
book. Users said they liked being able to view the contents and
structure of the book wi thout having to return to a "contents page".
Descri ptive and meani ngful chapter names and section headi ngs ai ded
retrieval

6. Design recommendati ons

Thr oughout the WEB Book series of experinents, adherence to the paper
book netaphor and scannabl e text were variously shown to have a
positive inpact on satisfaction, menorability and usability and,
therefore, users’ sense of engagenment and sense of directness. This was
borne out by participants’ comments in interviews and questionnaires
and by observations nade during think-al oud sessions, which highlighted
specific features and design techni ques (sone exenplifying
scannability, others inmitating the paper book) which contribute to
successful el ectronic textbooks:

e Tables of contents are an essential feature in both print and
el ectronic media, used by readers to skimthe contents of an
unfam liar book to gain an idea of what can be found inside. They
al so provide the reader with a sense of structure, which can easily
be lost in the electronic nedium and can be an inportant navigation
tool where hypertext is used to link fromthe table of contents to
i ndi vidual chapters. In the words of one participant in the WEB Book
experiment, “browsing a well-structured book [like this] helps the
| ear ni ng process”.

e Some participants in the WEB Book experinents noted that tables of
contents and strong structures were sonetimes not enough when
seeking specific informati on. For exanple, one Neuroscience for Kids
reader observed that particular theories and | aws were not listed in
the tabl e of contents nor in the headings within each chapter, and
that being able to | ocate such information quickly and easily is
very inportant to students. An index, therefore, should al ways be
provi ded. By including hyperlinks fromeach index itemto the
rel evant section in the textbook, the index can becone a usefu
navi gati on t ool

« Participants expected el ectronic textbooks to contain search
facilities, and conpl ai ned when these were not avail abl e. Search
engi nes shoul d therefore be included, but not replace tables of
contents and i ndexes. Readers would like themto sinulate and
enhance the way they search in paper books, and a choi ce between



si mpl e searches (searching the whol e book, a chapter or a page for a
keyword), and advanced searches should be offered to suit different
| evel s of reader.

It should be possible to treat the book as a cl osed environment,

whi ch contains no links to external sources unless clearly |abeled
as such (for exanple in a reference section or bibliography). This
assists the user in understanding the book as a single unit, avoids
confusi on about which pages are part of the book, and which are part
of anot her resource, and, in the case of texts available via the
Web, prevents readers from becoming “lost” in cyberspace. Two of the
books in the Psychol ogy Ebook experinent used a conbi nation of

i nternal and external hyperlinks, |eading to sone confusion. One
partici pant was observed during the think-aloud session clicking on
an external web site and not realising he was reading material from
a different source. Another conplained, “I kept getting |ost and
straying into other parts of the Web”.

Cross-referenci ng between the pages of a book, between the nmain text
and table of contents, index, footnotes, glossary or references, and
between two or nore books is considered an inportant property of the
printed nmedium Participants strongly valued the ability to carry
out these cross-referencing tasks in an electronic environment. It
can be difficult to achieve the same sinmplicity and effectiveness as
that provided by flicking through paper pages, but it can be nade
nore possible in an el ectronic textbook by adopting a strong
structure and a clear and sinple navigation system The approach
adopted in Drugs, Brains and Behavi our, whereby the glossary and
references were separated fromthe main body of text, was

appreci ated by all those who comrented; they did not interrupt the
text but were just a click away.

Partici pants expected typographical sophistication, and pagi nation
has to be designed carefully to enhance readability. They found text
t hat spanned from one edge of the screen to the other difficult to
read: “Lines of text are quite long, so sonmetinmes | junped to
another line by mistake”. Line lengths simlar to that of the
printed page (10 to 15 words) were preferred, punctuated with plenty
of ‘white space’ to give each page a clean, uncluttered appearance:
“There was plenty of ‘white space’ on screen and when the

i nformati on being conveyed is fairly conplex...l would find it very
off-putting if the text was nore crowded”. Paragraphs should be
left-justified, providing a uniformstarting point for each |ine and
enabling the reader to scan the text effectively. Finally, the

t ypogr aphi cal style should be consistent throughout the book in
order that the book has a recognisable, uniformidentity and that
readers are not distracted by changi ng designs.

Participants in all experinents conplai ned about having to scrol
down | ong pages to find information. This was taken into account in
the WEB Book |1, in which Hypertext in Context was redesigned so
that a single page was divided into eight sections according to
headi ngs used in the original text. The evaluation of the resulting
chapter found that participants perforned better in fact searches
and expressed higher satisfaction. The typical page length of a
print textbook should be considered as an approxi mate nodel for the
l ength of pages in an electronic textbook, and the anount of
scrolling required should be mnimnmsed, especially for snaller
screen sizes.

Section headi ngs, keywords or abstracts under chapter headings in
the main table of contents informthe reader’s understandi ng of the
contents of each chapter at a glance. By the same token, the

i nclusi on of abstracts, keywords or tables of contents (linking to
headings in the text) at the top of a page help readers to deci de on
the rel evance of the contents of that page quickly. Drugs, Brains
and Behavi our included nini-tables of contents at the top of each
chapter, and partici pants were observed using these extensively



during think-al oud sessions. One noted, “It gives you the contents
of the book, what each chapter’s about, but then you can go into
what's actually in the contents of that chapter as well, and it
doesn’'t take you long to click on things and find exactly the part
you' re | ooking for.”

Readers gain a sense of their place in a printed book via the page
nunbers and by conparing the thickness and wei ght of the pages read
agai nst the thickness and wei ght of the pages still to be read. The
VWEB Book experiments showed that it is inportant for this “sense of
pl ace” also to be present in the electronic nedium via page
nunbers, chapter and section headi ngs, or navigation bars which

hi ghli ght the current position. Mreover, these indications of a
reader’s progress through the book should be accurate and visible.
The Joy of Visual Perception, for exanple, displays its table of
contents in a separate frame at the side of the text, and
participants relied on this as a neasure of their progress, saying
they liked having it always present as it enabled themto view the
contents and structure of the book at a glance and to junp quickly
to other sections.

Partici pants expected inages, diagrans and fornmul ae to be included
and to | ook as visually sophisticated as they do on the printed
page. |f possible, and where appropriate, they would |ike pictures
to be in colour. The advantages of dividing |ong streanms of text
using col ours and graphics are outlined below, and it is suggested
that diagrans therefore be included in the nmain body of the text to
add col our and interest. In Drugs, Brains and Behaviour (used in the
Psychol ogy Ebook experinent), inages are stored in separate files
fromthe text. One participant comrented, “1’d rather have figures
within the text because it takes a long tine to switch back and
forth.”; another, “I'd prefer illustrations/figures to perhaps be on
t he pages themsel ves to break up the text a little”. However, in
scientific and mat hematical disciplines, it is often necessary to
study di agrans and fornul ae closely and to nake conparisons, and
this should be taken into account when positioning these itenms in
the text. For exanple, some participants in the WEB Book experi nent
conplained that it was difficult to conpare two fornulae amd text
on the sane page, requiring a lot of scrolling. In such cases, it is
advi sable not only to insert images, diagrams and formul ae within
the main body of the text, but also to allow the user to view

enl arged versions in a separate w ndow. |nages should be of a
sufficient resolution to remain clear when viewed in either size.

Fonts should be | arge enough to read confortably for |ong periods of
time. In the Psychol ogy Ebook experinent, users of all three

t ext books comrented that the font was too small and that they found
it astrain on their eyes. “I disliked the font of the words. They
were too small and it was tiring to read — quite a strain”, said one
participant. |If possible, readers would like to choose a font style
and size to suit their individual preferences, thereby satisfying
the needs of those with perfect vision and those with | ow vision or
reading difficulties. Nielsen reconmends sans-serif typefaces such
as Verdana for small text, 9 points or |less, since the |ow

resol ution of many nonitors neans that the detail of a serif font
cannot be rendered fully (N el sen, 2000). Fonts which include

speci fic special characters such as italics should be used, and a
colour that contrasts sufficiently with the background shoul d be
chosen.

Careful use of a few colours throughout can create a consi stent
style and increase the likeability and attractiveness of the book
Use of too many col ours, however, can be distracting, and plain
backgrounds shoul d be used. This was taken into account in the
design of the revised version of Information Retrieval for the WEB
Book experinment, and was appreciated by participants: “The fact that
t he background was |ight and only a few col ours were used for



enphasis neant it wasn’t too busy”. Pure white backgrounds, however,
can “dazzl e” readers, causing eye-strain, and should be avoided.

e Participants found it difficult and unpleasant to read | ong streans
of text on screen: “Text was set out too nuch in a block — there was
no breaking up of the text, e.g. by illustrations, photos. It al
appeared a mass of words — not easy to read or follow'. Wthin each
page, breaking the text into short chunks inmproves the scannability
of the page. This can be achieved by, for exanple, interspersing
text with i mages and di agrans and keepi ng paragraphs short, and by
usi ng meani ngful sub-headi ngs, indented, bulleted Iists, and col our
to break the uniformty of the text. Neuroscience for Kids, for
exanpl e, uses col our and graphics to interrupt the flow of text, and

partici pants reacted positively: “I found it very attractive because
everything' s very spaced out, it’s not just block text all the
time”.

* As noted in 5.4.4 above, where interactive elenents were not
available in an el ectronic textbook, participants expressed a w sh
for themto be included. Readers of books which did include such
el ements (such as The Joy of Visual Perception, which contains an
i nteractive diagram of the eye, and Neurosci ence for Kids which
i ncl udes online puzzles and experinents) had a greater sense of
engagerment with their books, finding themnore |ikeable and
performng better in the exans, hinting that interactivity could
i ncrease readers’ ability to renenber the information being
conveyed. That such el enments can inprove |earning has been the
subj ect of previous research (Runetshofer and Wbss, 2003).

» Participants expressed a desire to have bookmarki ng, highlighting
and annotating facilities, often supplied by commercial ebook reader
software products. In the words of one student, “l’mused to reading
and highlighting — 1 couldn’t do this!”

7. Conclusions and future research
The two central hypotheses which ran through all three evaluations in
the WEB Book series were validated:

Hl: Altering the appearance/design of an el ectronic textbook does have
an effect on its success.

H2: Applying aspects of successful Wb design to el ectronic textbooks
has a positive inmpact on their success.

It was al so found that, by conbining good Wb design features with
aspects of well-designed paper books, a usable, successful electronic
t ext book can be produced (WIson, 2002). This can be represented as
the foll owi ng equation:

Aspects of well - Aspects of well - — Wel | - desi gned
desi gned paper 4' desi gned Wb — el ectronic
t ext books resources t ext books

The ultimte objective of the evaluations, to define a set of best
practice guidelines for designing electronic textbooks, was achi eved by
conbining these results with the results of other experinments conducted
by the EBONI Project, including an investigation into usability issues
surroundi ng ebook hardware (W Ison et al., 2002). The guidelines advise
on interface design issues such as use of tables of contents, indexes,
col our, images, hypertext, search tools and typographi cal aspects, and
are a valuable resource for all devel opers of digital educationa
content, including lecturers, witers, publishers, designers,
digitisation projects and i nformati on professionals.

It is worth noting that the one study in this series which evaluated a
paper book, the WEB Book |1, found that the paper version of the book
was nore successful than its electronic counterparts, in terns of both



task success and subjective satisfaction. It would seemthat, despite
their increasing famliarity with digital information, users’ sense of
engagerment with the printed nediumremai ns stronger, and they are able
to retrieve information fromthis environment with great ease and

speed. A useful area of future research will be to conpare a paper
textbook with an el ectronic version of the sane book, with EBONl's best
practice guidelines applied. This will reveal whether users’ lifelong

rel ati onship with paper yields over even electronic text that has been
designed specifically to neet their needs, and may indicate the
ultimate role of the electronic nmediumin delivering books to students.

O her areas of future research will include applying innovative
techniques to the evaluation of fiction and poetry in electronic
format, investigations into the “e-readi ng experience” when readi ng
fromdifferent types of screens, and the design of electronic books for
children and adaptive el ectronic textbooks for special needs uses.
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